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(54) 

(57) [Object] 

In a pipetting apparatus for pipetting a sample with 
a nozzle, imperfect nozzle clotting condition can be 
detected in addition to perfect nozzle clotting condition. 

[Structure] 

The pressure in the air hose 12 connected to the 
nozzle 10 for aspirating a sample 18 Is detected by the 
pressure sensor 20, and the detected pressure value is 
transmitted to the clot detecting section 26. In this clot 
detecting section 26. a plurality of pressure calculation 
periods are set to calculate the pressure difference in 
each off the calculation periods. When at least one of the 
calculated pressure differences exceeds at least one of 
the predetermined threshold values corresponding to 
the calculation periods respectively, a clot alarm is gen- 
erated. Since a plurality of the pressure calculation peri- 
ods are set, an imperfect clotting condition can be 
detected in addition to the perfect dotting concfition, 
thus improving pipetting accuracy. 
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Description [Problems to be sotved by the Invention] 



[Detailed Description of the Invention] 

[Industrial Field of the Invention) s 

The present invention relates to clot detection in a 
pipetting apparatus, and more particularly relates to the 
detection of clot caused when substance in a liquid 
sample is adhered to a tip portion of a sampling nozzle. 10 
for instance. 

[Prior Art] 

In testing of a sample.it is indispensable to perform is 
pipetting operation which obtains any required volume 
of the sample by aspiration. In general, the pipetting 
operation is carried out by inserting a nozzle connected 
to a suction pump into the sarrple contained in a test 
tube or the fikB to aspirate and obtain a required volume 20 
of thesampla As an apparatus for performing the ppet- 
ting operation, a pipetting apparatus is so far well 
Known. 

Recently, in particular, an automatic pipetting appa- 
ratus has been widely used, in which the respective 23 
pipetting processes can be carried out automatically 
and continuously without assistance of an operator. 

In the automatic pjpetting apparatus as described 
above, the constituents of blood such as serum or 
plasma collected from a living body is often used as a 30 
sample to be pipetted. The pipetted sample is mixed 
with a chemical reagent or others to carry out a prede- 
termined test. 

TTie blood serum or plasma is obtained from blood 
by a centrifugal separation, and in many cases thus 35 
obtained serum or plasma is used as it is for the sample 
When thus obtained blood sample is pipetted, there is a 
problem in that the tip portion of the nozzle is likely to be 
clotted with foreign matters such as soUd substance or 
ffcrous substance contained in the sample or a serum 40 
separating mecfum, thus respiting in dotting concffion. 
When the pipetting operation is carried out under the 
dotting condition, there arises a problem in that the 
accuracy of pipetting is deteriorated. 

In view of this problem, a method for detecting dot 45 
caused in an automatic pipetting apparatus has been 
proposed in Japanese Patent Application Laying Open 
(KOKAI) No. 2-184762. In this conventional method, the 
pressure within the nozzle is detected by a pressure 
sensor; changes in pressure detected by the pressure sc 
sensor are monitored; and the dotting condition can be 
detected when waveform indicating the pressure 
changes shifts to a negative value side abruptly. In more 
detail, the pressure is sampled for each predeter mi ned 
period, and the difference between the current deteded * 
pressure and the preceding detected pressure is com- 
pared with a threshold value to cfscriminate the dotting 
condition. 



In the conventional pipetting apparatus, however, 
the sampling period is set short in order to detect the 
dotting condition as soon as possfcle, and further since 
the threshold value is determined so as to correspond to 
the short sanpiing period. For this reason, there is a 
problem in that it is impossible to detect an imperfect 
dotting condition, because under the Imperfect clotting 
condition the pressure change is so small as not to be 
detectable by this detecting method of the conventional 
pipetting apparatus. Therefore, in the conventional 
apparatus, there is a problem that, when the pipetting 
accuracy is deteriorated due to such imperfect dotting 
condition, it has been impossible to detect such undesir- 
able condition. 

In order to overcome the above-mentioned prob- 
lems, the present invention has been made. Therefore, 
tt is an object of the present invention to provide an 
automatic pipetting apparatus which can detect the 
impeded clotting condition as well as the perfect clot- 
ting condition. 

[Means for Solving the Problems] 

To achieve the above-mentioned object the present 
invention is charaderized by a pipetting apparatus pro- 
vided with dot detection, which comprises: a nozzle for 
aspirating a sample; a pressure sensor for measuring 
pressure in the nozzle; a plurality of pressure cffference 
calculating drcuits each for inputting an output of the 
pressure sensor and obtaining a pressure cfifference at 
a different pressure calculation period, respectively; a 
plurality of discriminating drcuits each having a different 
discrimination threshold value determined according to 
each of the pressire calculation periods; and an alarm 
orcuit for outputting a clot alarm signal when at least 
one of the discriminating circuits discriminates that the 
obtained pressure difference exceeds the discrimina- 
tion threshold value. 

[Operation of the Invention] 

In the construction as described above, the pres- 
sure in the nozzle can be detected directly or indirectly 
by the pressure sensor, and the measured pressure 
value is transmitted to a plurality of pressure difference 
calculating circuits. Each of the pressure difference cal- 
culating circuits has He own different pressure calcula- 
tion period, so that the pressure difference can be 
obtained for each calculation period A plurality of the 
pressure cffferences thus obtained are transmitted to 
corresponding discriminating circuits tor comparison 
with the predetermined thre s hold values, respectively. 
Further, when at least one of the discriminating drcuits 
discriminates the presence of clotting condition, the 
alarm drcuit outputs a dot alarm signal. In the pipetting 
apparatus according to the present invention, since 
there are provided a plurality of calculation periods 
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which monitor the pressure respectively, pressure 
waveforms incficative of imperfect dotting conditions in 
addition to the pressure waveform indicative of the per- 
fect clotting condition can be discriminated, thus ena- 
bling a further fine dot detection. 5 

[Embodiments] 

The preferred embodiment of the present invention 
will be described hereinbelow with reference to the 10 
attached drawings. 

The principle of the present invention is first 
explained with reference to Fig. 1. Fig. 1 represents 
some pressure waveforms obtained when a sample is 
aspirated by a nozzle, in which the abscissa indicates is 
the time and the ordinate incticate6 the pressure (nega- 
tive pressure). When the aspiration begins at the time 
incficated by the numeral 100 in Fig. 1 , fte pressure in 
the nozzle changes into the negative pressure side 
sharply. Thereafter, when no clotting condftion occurs, 20 
the pressure changes gradually for a predetermined 
time period between the time pomt 110 and the time 
point 120 as shown by the tine A. On the other hand, 
when tire nozzle is clotted perfectly, the pressure wave- 
form descends abruptly and the pressure changes into 2s 
the negative pressure side (peatty as shown by the line 
D, immediately after the clotting condition occurs. In the 
conventional apparatus, only the sharp inclination as 
shown by the line 0 has been detected. 

In practice, however, the nozzle clotting condition is eo 
caused by various ways. Namely, there are cases where 
the nozzle is clotted momentarily and perfectly and 
where the nozzle is clotted gradually. Further, there is a 
case that the sample flows at an extremely slow speed 
although the nozzle is not dotted Therefore, rt is impos- 35 
stole to maintain high pipetting accuracy only by moni- 
toring the pressure waveform as shown by the line D. 

In the apparatus according to the present invention, 
therefore, there are provided a plurality of the pressure 
difference calculation periods to obtain the pressure <fif- 40 
ference at each of the calculation periods. The obtained 
pressure differences are cornpared with the threshold 
values determined according to the respective calcula- 
tion periods, respectively, so frat both the perfect and 
imperfect clotting conditions can be detected. 45 

The lines B and C shown in Fig. 1 represent the 
pressure waveforms caused by the imperfect dotting 
conditions. In order to detect such waveforms as 
descrbed above, it is necessary to set the calculation 
period to a relatively long time. This is because the so 
waveforms beginning from a dot generation point 112 
fluctuate up and down irregularly* although they are incfi- 
cated by straight lines in Fig. 1. Therefore, it becomes 
possible to detect the clotting condfflons refiaWy only 
when the calculation time period is set to a relatively ss 
longtime 

Accordingly, in the pipetting apparatus according to 
the present invention, when the perfect clotting condi- 
tion as shown by the line D is required to be detected, 



the pressure difference AP1 between the preceding 
pressure and the current pressure is obtained for each 
predetermined sampling time At (- AT1) in the same 
way as with the case of the conventional apparatus. Fur- 
ther, in order to detect imperfect clotting conditions (the 
feature of the present invention), the pressure change 
rate is obtained on the basis of the gracfient of the lines 
B or C for the calculation periods which are integer 
times longer than the sampling time At. As a result, the 
imperfect dotting condition can be detected based on 
the obtained pressure cfifference which is larger than 
API. 

In more detail, in Fig. 1, in the case of the imperfect 
dotting condition as shown by C, the pressure differ- 
ence AP2 is obtained for the calculation period AT2 
(e.g., 3 x At); and in the case of the imperfect clotting 
contftton as shown by B, the pressure difference AP3 is 
obtained for the calculation period AT3 (e.g., 5 x At). 

Fig. 2 is a block diagram showing a preferred 
embodiment of the pipetting apparatus according to the 
present invention. In the drawing, a nozzle 10 for aspi- 
rating a sample is connected to a pump 14 through an 
air hose 12. When a piston 16 is pulled down in the 
pump 14, the inner pressure within the air hose 12 and 
the nozzle 10 is reduced, so that the sarrpie 18 can be 
aspirated. At this point, the pressure is detected by a 
pressure sensor 20 connected to the air hose 12. The 
detected pressure signal is amplified by an amplifier 22, 
converted into a digital signal by an A/D converter 24. 
The digital signal is then supplied to a dot detecting 
section 26. 

Rg. 3 is a block diagram showing the practical con- 
figuration of the clot detecting section 26, in which three 
calculation periods are provided by way of example. 

In this embodiment, the output signal of the A/D 
converter 24 is inputted to three pressure difference cal- 
culating circuits 28, 30 and 32. The calculating circuit 28 
calculates the pressure difference for each sampling 
time At (= ATI); the calculating circuit 30 calculates the 
pressure difference in the calculation period AT2; and 
the calculating circuit 32 calculates the pressure differ- 
ence in the calculation period AT3, respectively. In each 
of the calculating circuits 28, 30 and 32, the pressure 
difference is also calculated for each sampling time At, 
and the calculated results are updated, respectively. 
The output of each of the calculating circuits 28, 30 and 
32 is transmitted to each of three pressure change rate 
discriminating drcurts 34, 36 and 38 connected to the 
corresponding calculating circuits 28, 30 and 32, 
respectively, in the pressure change rate discriminating 
circuits, each of the transmitted outputs is compared 
with each of predetermined threshold values K1 , K2 and 
K3 which have been set so as to correspond to the 
respective calculation periods, respectively. In this case, 
since the calculation period ATI is extremely short, a 
relatively large threshold value K1 is set to deted a 
sharp indination of a waveform. On the other hand, the 
threshold value K3 corresponding to the calculation 
period AT3 is set into a relatively small value so as to be 



5 EP07264G6A1 



able to detect an imperfect clotting condition caused 
when the nozzle is being gradually dotted, tor instance. 
Further, the threefold value K2isset into a substantially 
mid-value between the threshold values K1 and K3. 

In case any of the pressure change rate discrimi- 
nating circuits discriminates "perfect dot" or "imperfect 
dot", an OR gate 40 generates an alarm signal, so that 
an alarm circuit (not shown) provided at the rear stage 
of the discriminating circuits is activated to generate a 
buzzer sound or display a predetermined alarm display. 
Further, K is also possible to separate the adhered sub- 
stance from the nozzle by stopping the aspirating oper- 
ation and further dispensing a small volume of the 
aspirated liquid sample from the nozzle. 

Further, in the above-mentioned embodiments, 
three calculation periods are determined. Without being 
limited thereto, however, it is of course posstote to pro- 
vide four or more calculation periods. When the number 
of the calculation periods increases, it becomes possi- 
ble to detect the clotting condition in more fine way, thus 
enabling to further improve the pipetting accuracy. 



a plurality of pressure difference calculating 
drcurts each lor inputting an output of said pressure 
sensor and obtaining a pressure difference at a dif- 
ferent pressure calculation period, respectively; 

a plurality of discriminating circuits each hav- 
ing a different discrimination threshold value deter- 
rrined according to each of the pressure calculation 
periods; and 

an alarm drcuit for outputting a clot alarm 
signal when at least one of said discriminating cir- 
cuits discriminates that the obtained pressure dif- 
ference exceeds the cfiscrimination threshold value. 



[Advantageous Effect of the Invention] 



As described above, according to the present 25 
invention, since a plurality of calculation periods are set 
it is possible to detect not only the perfect dotting condi- 
tion but also the imperfect clotting contftion, thus ena- 
bling a fine dot detection and thereby improving 
pipetting accuracy. so 



[Brief Explanation of the drawings] 



Fig. 1 is an aspiration waveform diagram for assist- 
ance in explaining the principle of clot detection 36 
according to the present invention; 
Fig. 2 is a block diagram showing the entire config- 
uration of the pipetting apparatus according to the 
present Invention; and 

Fig. 3 is a block diagram showing the practical dr- 40 
cuit configuration in the dot detection section 26. 



[Explanation of Reference Numerals] 



10 Nozzle 46 

12 Air hose 

14 Pump 

20 Pressure sensor 

26 Clot detecting section 

28, 30, 32 Pressure difference calculating circuits so 

34, 36, 38 Disc rim i na ting drcurts 



Claims 



1. A pipetting apparatus provided with clot detection, 55 
comprising: 

a nozzle for aspirating a sample; 

a pressure sensor for measuring pressure in 
said nozzle; 
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FIG - 2 
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